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(S) Process for producing ethylene/alpha-olefin copolymer. 



(57) A process for producing an ethylene/a-olefin copolymer is provided in which ethylene is 
copolymerized with an a-olefin having three or nnore carbons by use of an olefin polynnerization 
catalyst at a polynnerization temperature of not lower than 120''C. The olefin polymerization catalyst 
comprises, as constitutional components, a) a metallocene compound, b) an ionizing ionic compound, 
and c) an organoaluminum compound, the ionizing ionic compound (b) being a compound wliich is 
capable of changing the metallocene compound (a) into a cationic form and does not further react with 
the cationic form of the metallocene compound. 
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The present inveniion relates to a process for producing an ethylene/a-olefin copolymer with an olefin poly- 
merization catalyst constituted of a metallocene compound, an organoaluminum compound, and an lonizable 
ionic compound. 

The low-pressure Ziegler process for polymerization of ethylene or an a-olef in is well known in the related 
technical fields. The catalyst for the process is generally prepared by treating a mixture of an organometalllc 
compound or hydride of a metal of Group 1 Ato 3Aof the Periodic Table with a compound of a transition metal 
(Group 3B or 2B of the Periodic Table) in a suspension or a solution, or in the absence of a solvent or a diluent 
In recent years, special kinds of catalysts are being developed which are active in olefin polymerization 
Examples of the catalyst are combinations of a cyclopentadienyl derivative of a metal such as titanium zirco- 
mum. and hafn«jm (Group 4B of Periodic Table) with aluminoxane. (See. for example. J. Boor "Ziegler-Natta 
Catalyst and Polymerization-. Academic Press. New York (1979). and H. Sinn and W. Kaminsky: Adv Orga- 
nomet Chem. 1899 (1980) ). These catalysts have an ability of fbnming a stereospecific olefin polymerwith 
nigh catalyst activity. 

Nevertheless, such catalysts have not been used industrially mainly because of the following reasons- the 
aluminoxane cannot readily be produced in a reproducible fbnm. hindering preparatten of the catalyst and the 
polymerwith required reproducibility, and the expensive aluminoxane has to be used in a considerably high 
ratio to the transition metal compound to achieve sufficient activity. 
To offeet the atx>ve disadvantages. 

JP-A-3-207704 discloses ionic metallocene compound prepared by reacting a metallocene with an ionizing 
ionic compound. PCT Patent Application WO 92/01723 discloses a process of a-olef in polymerization by 
of a catalyst system prepared by reacting a halogenated metallocene with an organometalllc compound and 
then bnnging the reaction product into contact with an ionizing ionic compound. This catalyst system is advan- 
tageous m olefin polymerization. However, when ethylene and a-olef in are copolymerized by use of such a 
catalyst at a high temperature, the resulting copolymer disadvantageously has a low molecular weight 

JP-A -60-21 7209 discloses production of a high-molecular-weight olefin polymer by use of a catalyst com- 
pnsing a hafnium compound as the metallocene component In copolymerization of ethylene with a-olefin how- 
ever, this catalyst is much less active than the catalyst having zirconium as the ligand. and is disadvantageous 
in production efficiency of the copolymer. 

It is the object of the present invention to provide a process for producing ethylene/a-olefin copolymer of high 
molecular weight with high efficiency at a high temperature. This object could be achieved on the basis of the 
finding that an ethylene/u-olef in copolymer is obtained with a high catalyst activity by copdymerizing ethylene 
with a-olef in by use of a specific ionic metallocene catalyst at a temperature of not lower than 120-C 

The present invention provides a process for producing an ethylene/a-olefin copolymer by copolymeriza- 
tion of ethylene with an a-olefin having three or more carbons by using an olefin polymerization catalyst at a 
polymenzation temperature of not lower than 120»C. the olefin polymerization catalyst comprising, as consti- 
tutional components, a) a metallocene compound, b) an ionizing ionic compound, and c) an organoaluminum 
compound: 

the metallocene compound (a) being a hafnium compound represented by the general formula (1) or (2): 

1^ \ 

R Hf (1) 

2^ X 3 
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Cp R 



Hf (2) 
3 



2^ \ 



Cp R- 



wherein Cpi and Cp^ are independently a substituted or unsubstituted cyclopentadienyl group, idenyl group 
orfluorenyl group; Ri is a substituted or unsubstituted tower alkylene group, a dialkyisilanediyi group, a dia- 
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Ikylgermanediyl group, an alkylphosphinediyi group, or an alkyiimino group, crosslinking Cp^ and Cp^ to- 
gether; R2 and are independently a hydrogen atom, a halogen atom, a hydrocarbon group an alkoxy group, 
or an aryloxy group of 1 to 12 carbons, 

the ionizing ionic compound (b) being a compound which is capable of changing the metallocene compound 
5 (a) into a cationic form and does not further react with the cation ic form of the metallocene compound, and 
the organoaluminum compound (c) being represented by the general formula (3): 



10 




(3) 



IS wherein R^, R^', and R^" are Independently a hydrogen atom, a halogen atom, an amino group, an alkyi group, 
an alkoxy group, or an aryl group, at least one thereof being an alkyI group. 

The tenm "alkyI", whether used alone or as part of another group, e.g. alkoxy, designates residues having pre- 
ferat>ly 1 to 20. more preferably 1 to 8 and most preferably 1 to 4 carbon atoms. Similarly "aryl" means residues 
having preferably 5 to 14, more preferably 6 to 12 carbon atoms. 

20 The metallocene compound (a) used in the present invention is a hafnium compound represented by the 

general fomiula (1) or (2). The metallocene compound is exemplified specifically by bis(cyclopentedienyl)haf- 
niumdichlpride. bis(methylcyclopentedienyl)hafnium dichloride, bis(butylcyclopentedienyl)hafnium dichloride, 
ethyienebis(indenyl)hafnium dichloride. dimethylsilanediylbls(2,4,5-trimethylcyclopentadienyl)hafnium di- 
chlonde. dimethyIsilanediylbis(3-methylcyclopentadlenyl)hafnium dichloride, dimethylsilanediylbis{4-t-bu- 

25 lyl.2-methylcyclopentadienyl)-hafnium dichloride, diethylsilanediylbis(2,4,5-trimethylcyclopentadienyl)hafni- 
um dichloride. diethylsilanediylbis(2.4-dimethylcyclopentadienyl)hafnium dichloride, diethylsilanediylbis(3- 
methylcyclopentadienyl)hafnium dichloride, diethylsilanediy1bis(4-t-butyl,2-methylcyclopentadienyl)hafnium 
dichloride. isopropylidene(cyclopentadienyl)(fluorenyl)hafnium dichloride, diphenylmethylene(cyclopentadie- 
nyi)(f luorenyl)hafnium dichloride, methylphenylmelhylene(cyclopentadienyl)(fluorenyl)hafnium dichloride, iso- 

30 propyiidene{cydopentadienyl)(2.7-di-t-butylfluorenyl)hafnium dichloride, diphenylmethyiene(cyc!opentadie- . 
nyi)(2,7-di-t-butylfluorenyl)hafnium dichloride, methylphenylmethylene(cydopentadienyl)(2,7-di-t-butylfluore- 
nyl)hafnium dichloride, isopropylidenebi5(cyclopentadienyl)hafnrum dichloride, diphenylmethylenebis(cyclo- 
pentadienyf)hafnium dichloride, methylphenylmethylenebis(cyclopentadienyl)hafnlum dichloride, Isopropyli- 
dene(cyclopentadienyl)(tetramethylcyclopentadienyl)hafnium dichloride, diphenylmethylene(cyclopentadie- 

35 nyl)(tetramethylcyclopentadienyl)hafnium dichloride, isopropylidenebis(indenyl)hafnlum dichloride, diphenyl- 
methylenebis(indenyl)hafnium dichloride. methylphenylmethylenebis(indenyl)hafnium dichloride, but is not 
limited thereto. 

The ionizing ionic compound (b) used in the present invention is a compound which is capable of making 
the aforementioned metallocene compound (a) cationic, and does not react further with the formed cationic 

40 metallocene compound. The ionizing ionic compound is exemplified specifically by boron compounds such as 
tri(n-butyl)ammonium tetrakis(p-tolyt)borate, tri(n-butyl)ammonium tetrakis(m-tolyI)borate, t ri(n- butyl )ammo- 
nium tetrakis(2,4-dimetylpheny!)borate, tri(n-butyl)ammonium tetrakis(3,5-di methyl phenyl )borate, tri(n-bu- 
tyl)ammonium tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis(p-tolyl)borate, N,N-dimethy- 
lanilinium tetrakis(m-tolyl)borate. N,N-dimethylanilinium tetrakis(2,4-dimetylphenyl)borate, N,N-dimethylanl- 

45 linium tetrakis{3,5-dimethylphenyl)borate. N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate, triphe- 
nylcarbenium tetrakis(p-t6lyt) borate, triphenylcarbenium tetrakis(m-tolyl)borate, triphenylcarbenium tetra- 
kis(2.4-dimetylphenyl)borate, triphenylcarbenium tetrakis(3,5-dimethylphenyl)borate, triphenylcarbenium tet- 
rakis(pentafluorophenyl)borate, tropylium tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropyllum 
tetrakis(2,4-dimetylphenyl)borate, tropylium tetrakis(3,5-dimethylphenyl)borate, tropylium tetrakis(penta- 

so fluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, lithium tetrakis(phenyl)borate, lithium tetra- 
kis(p-tolyl)borate. lithium tetrakis(m-tolyl)borate, lithium tetrakis(2,4-dimetylphenyl)tx)rate, lithium tetrakis(3,5- 
dimethylphenyl)borate, lithium tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium tetra- 
kis(phenyl)borate, sodium tetrakis(p-tolyl)borate. sodium tetrakis(nD-tolyl)borate, sodium tetrakls(2,4-dimetyl- 
phenyl)borate, sodium tetrakls(3,5-di methyl phenyl)borate, sodium tetrafluoroborate, potassium tetrakis(pen- 

55 tafluorophenyl)borate, potassium tetrakis(phenyl)borate, potassium tetrakis(p-tolyl)borate, potassium tetra- 
kis(m-tolyl)borate, potassium tet ra kis(2, 4-d i met yl phenyl) borate, potassium tetrakis(3,5-dimethylphenyl)bor- 
ate, and potassium tetrafluoroborate; aluminum compounds such as tri(n-butyl)ammonium tetrakis(p-tolyl)alu- 
minate, tri(n-butyl)ammonium tetrakis(m-tolyl)aluminate, ' tri(n-butyl)ammonium tetrakis(2,4-dlmetylphe- 

3 
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SlnT=f?'^' ^("-J"7'>«"""°"'"'" tetrakis(3.5-<limethylphenyl)aluminate. tri(n-butyl)ammonium tetra- 
k.s pentafluorophenyl)aluminate. N.N-dimethy)anilinium tetrakis(p-tolyl)aluminate N N-dimeZtenZ.,m 

7 . ^Jw N.N-dimethylanilinium tetrakis(pentafluorophenyl)aluminate tZZ 

nylcarbemum tetrak.s(p-tolyl)aluminate. triphenyfcarbenium tetrakis(m-to.y.)aluminate ^32*60^^^ 
tatrak.s(2.4-d,metj^pheny.)aluminate. triphenylcarbenium tetrakis(3.ldimethylpheny.)allinjr 

yOalum.nate. tropyjum tetraki5(2.4-dimetylphenyl)alun,inate. tropyliom Lrakis(3.^diS^p^l;Sl^^^ 
ate tropyfrnm tetrak.s(pentafluorophenyl)aluminate, lithium tetrBkis(pentafluorophenyl)alu2te ^Sm^^T 
|^^{phenyl)alurninate lithiun, tetrakis(p.to.y.)alun,inate. mhium Lr.^,sia:!:^S^lTmZ l^. 
k«(2.4-d.metylphenyl)aluminate. lithium tetrakis{3.5^imethylphenyl)aluminate liVhium tetraJluoroLrm nl^ 
mi^r -™P^^^ sodium tetrakis(phe^i)alumlnate;sodrurt?rL"^^^^^^ 

ZSSLT h ? t«t^'^«(2.4-dimetylphenyl)aluminate. sodium tSrakfeSl 

e«l lo.^^fn?^"'!!'"""' T'^""'' "^^'^ P^^"' « -^o^PO""" represented by the gen- 

eral formu a (3), and exemplified specifically by aluminum compounds such as trimethylalumlnum tneth,S2 
lummum. trrsopropylalumlnum. diisopropylaluminum chloride. isopropylaluminum S ori^^^^^^^ 
num tn-sobutyl aluminum, diisobutylaluminum chloride. isobutylaLinum dichili. t^-L^^^^^^ 

«nH '^'^'y^* '"^y ^ P^ePaf^d by mixing the metallocene compound (a), the ionizing ionic comoound fW 

mol Jof^hT!l"tl»l*''^ ofganoaluniinum compound (c) Is preferably in the range of from 1 to 10000 moles per 
mole of the metallocene compound (a), but is not limited thereto 

1 JnfLTTy!" °^ ^ °/ '^""'"^ "^^'^ ^^"^ propylene. 1-butene 4-methyl- 

Lre thereof • ^« P"-^'" -^y be a mixture of'wot 

^i^^pr'^u^Trol^r^^" Polymeri-tion processes and known high-tempe,Bture 

300 'c*Sut1s ^IflZX"^"^^^^ polymerization temperature is preferably in the range of from lao'-C to 

Juu o. but IS not limited thereto provided that the temperature is notiowerthan f?(v>r tK^ , ■ 

120-C o aoo^'^burfsTo,';" ?^^^^^^ polymerization temperature is preferably in the S^nge of from 

rn^r^JV "ot imited thereto provided that the temperature is not lower than 120»C and the ooW 

mer^tion pressure ,s preferably in the range of from 500 to 3500 kg/cm^. but is not limited thereto 

ventL'TtSSte " "^"^ "^'^ *° ExamplestrhoutSng the in- 

oh J*'ThIT!'*"T of polymerization, reaction, and solvent purification were conducted in an inert atmos- 
meT^H Th "'l" P""''"''- deoxidized preliminarily in a ^nJentfona 

Tht 1 ."'TT? "^^d the reactions were synthesized and identified in conventional SoSs 

Phy Spc emn'Iotnt^ "'^T"^ ^'^'""'^ '^^'^ ^-''^j^^^ P-meation cromatogra- 

SSATinc w i ^5"^?'"^ °' '^''^ Waters CO. with a column of TSK-GEL GMHHR- 

ss:f]::ririroi^^^^^^ 

Example 1 

of 1 50 C. Ethylene was fed to the reactor at an ethylene pressure of 20 kg/cm^ temperature 
» H T'^'''' I" vessel. 1 jxmolof ethylenebis(indenyl)hafnium dichloride was dissolved in toluene 

and thereto a solution of triisobutylaluminum in toluene (triisobuiyl aluminum concentratto"20 % by we^hQ 
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was added in an amount of 250 ^mol in terms of aluminum. The mixture was stirred for one hour. This mixture 
was added to a solution of 2 ^mol of N,N-dimethylanllinium tetral<is(pentafluorophenyl)borate in 2 ml of toluene 
and the mixture was stirred for 10 minutes. The resulting mixture was introduced into the aforementioned re- 
actor with the aid of nitrogen pressure. 
5 After the introduction of the mixture into the reactor, the content in the reactor was stinred at 1 500 rpm by 

keeping the temperature at ISO^'C for one hour to allow copolymerizatlon to proceed. The obtained reaction 
product was dried in vacuo at 100°C for 6 hours. Thereby an ethylene/hexene copolymer was obtained in a 
yield of 31 g. The weight-average molecular weight (Mw) and other measured data are shown in Table 1. 

10 Comparative Example 1 

A copolymer was prepared in the same manner as in Example 1 except that ethyienebis(indenyl)zirconium 
dichloride was used in place of ethylenebis(indenyt)hafnium dichloride. The results are shown in Table 1. 

IS Example 2 

A copolymer was prepared in the same manner as in Example 1 except that the polymerization was con- 
ducted at a temperature of 170°C. The results are shown in Table 1. 

20 Comparative Example 2 

A copolymer was prepared in the same manner as in Comparative Example 1 except that the polymeriza- 
tion was conducted at a temperature of 170*'C. The results are shown in Table 1. . 

25 Example 3 * 

A copolymer was prepared in the same manner as in Example 1 except that bis(cydopentadienyl)hafnlum 
dichloride was used in place of ethylenebis(indenyl)hafnium dichloride. The results are shown In Table 1. 

30 Comparative Example 3 

A copolymer was prepared in the same manner as in Example 3 except that bis(cyclopentadienyl)zirconium 
dichloride was used in place of bis(cyclopentadienyl)hafnium dichloride. The results are shown in Table 1 . 

35 Example 4 

A copolymer was prepared in the same manner as in Example 3 except that isopropylidene(f luorenyl)(cy- 
ctopentadlenyl)hafnium dichloride was used in place of bis(cyclopentadienyt)hafnium dichloride. The results 
are shown in Table 1 . 

40 . . - ' 

Comparative Example 4 

A copolymer was prepared in the same manner as in Example 3 except that iso propyl idene(fluorenyl)(cy- 
clopentadienyl)zirconium dichloride was used in place of bis(cyclopentadienyl)hafnium dichloride. The results 
45 are shown in Table 1 . 

Example 5 

A reactor for high-temperature high-pressure polymerization was employed for the polymerization. Ethy- 
50 lene and hexene were fed continuously with pressure to the reactor to keep the total pressure at 950 kg/cm^ 
and the concentration of hexene at 34.0 mol%, and the reactor was stirred at 1500 rpm. 

Separately, in another vessel, a solution of triisobutylaluminum in toluene was added to a solution of ethy- 
lenebls(indenyl)hafnium dichloride in toluene In an aluminunn-to-hafnium mole ratio of 250:1. Further thereto, 
a solution of N,N-dimethylanilinium tetrakls(pentafluorophenyl)borate in toluene was added in a t>oron-to-haf- 
55 nium mole ratio of 2:1 to prepare the catalyst solution. 

The resulting catalyst solution was continuously fed into the reactor to allow the polymerization to proceed 
at the reactor temperature of 1 80**C. The results are shown In Table 2. 

5 
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The polymerization was conducted in the same manner as in Example 5 except that the polymerization 
temperature was controlled to be at i75«C and the hexene concentiation was adjusted to 36.0 mol% The re- 
sults are shown in Tahi«^ o 



suits are shown in Table 2. 
Example 7 



The polymerization was conducted In the same manner as in Example 5 except that the polymerization 
temperature was controlled to be at 165-C and the hexene concentration was adjusted to 35 0 mol% The re- 
sults are shown in Table 2. . 



Comparative Example 5 



The polymenzation was conducted in the same manner as in Example 5 except that ethylenebis(lnden- 
yOzirconium dichloride was used in place of ethylenebis(indenyl)hafnium dichloride, the polymerization tem- 
perature was controlled to be at 155«C. and the hexene concentration was adjusted to 32.0 moI% The results 
are shown in Table 2. 

The copolymerization of ethylene with a-qlefin with a hafnium metal-containing ionic metallocene catalyst 
at a polj^erEation temperature of not lower than 120«C enables copolymer production with high catalyst ac- 
tivity with high efficiency, a jr ^ 
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A process for producing an ethylene/a-olef in copolymer by copolymerization of ethylene with an a-olef in 
having three or more carbons by use of an olefin polymerization catalyst at a polymerization temperature 
of not lower than 120^*0, the olefin polymerization catalyst comprising, as constitutional components, a) 
a metallocene compound, b) an ionizing ionic compound, and c) an organoaluminum compound: 
the metallocene compound (a) being a hafnium compound represented by the general formula (1) or (2): 



R 



Hf 



(1) 



20 



25 



Cp" R^ 
\ / 
Hf 

2^ \ 3 
Cp^ R^ 



(2) 



wherein Cp^ and Cp^ are Independently a substituted or unsubstltuted cyclopentadlenyl, Indenyl or flu- 
orenyl group; is a substituted or unsubstltuted lower alkytene group, a dialkylsilanediyi group, a dia- 
Ikylgenmandiyl group, an alkyiphosphinediyl group, or an aikylimino group, crosslinking Cp^ and Cp2 
30 together; R2 and R^ are independently a hydrogen atom, a halogen atom, a hydrocarbon group, an alkoxy 

group, or an aryloxy group of 1 to 12 carbons, 

the ionizing Ionic compound (b) being a compound which Is capable of changing the metallocene com- 
pound (a) into a cationic form and does not further react with the cationic form of the metallocene com- 
pound; and 

35 the organoaluminum compound (c) being represented by the general formula (3): 

«4 
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Al 
'4' 



,4 • 



(3) 
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wherein R^, R^ , and R^ " are independently a hydrogen atom, a halogen atom, an amino group,. an alkyi 
group, an alkoxy group, or an aryl group, at least one thereof being an aikyi group. 
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